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During  the  development  and  exploitation  of  the  BRL  Non- 
Conical  Boattail  Project ile''^~*7^it  became  evident  that  a new 
projectile  shape  which  combines  a triangtilar  nose  with  a triangular 
boattail  (•F4gai'e-3r)'%ould  have  low  drag  and  a long  wheel  base  for  low 
balloting  in  the  gun  barrel.  No  aerodynamic  data  were  available  on 
the  configuration  (nicknamed  the  corkscrew)  at  the  beginning  of  this 
program,  so  it  was  deemed  advisable  to  conduct  wind  tunnel  and  range 
tests  to  determine  its  drag  and  stability  characteristics . 


Figure  1.  The  Corkscrew  Projectile 
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2.  THE  CORKSCHEW  GEOMETRY 

The  basic  corkscrew  geometric  pattern  is  obtained  by  cutting 
a solid  cylinder  with  a series  of  six  skewed  planes  to  obtain  the  con- 
figuration shown  in  Figure  1.  Three  skewed  planes  form  the  pointed 
triangular  nose  and  with  three  skewed  planes,  sloped  the  opposite  way, 
to  form  the  boattail.  The  boattail  planes  up  to  now  have  been  termin- 
ated when  they  form  an  inscribed  triangle,  biit  it  is  possible  to 
terminate  them  at  any  desired  axial  station.  The  slope  or  angle  of 
these  planes  with  respect  to  the  cylinder  centerline  can  be  varied; 
however,  the  angles  of  the  three  nose  planes  must  be  the  same  as  well 
as  the  angles  of  the  three  boattail  planes.  However,  the  nose  plane 
angles  need  not  be  the  same  as  the  boattail  plane  angles . The  six' 
planes  are  usually  skewed  at  a constant  twist  rate  generally  near  the 
spin  expected  at  launch. 

The  corkscrew  configuration  does  not  have  the  usual  axial 
symmetry  and,  therefore,  it  can  be  expected  to  have  non-linear  aero- 
dynamic characteristics,  especially  at  spins  (pd/'V)  far  from  the  con- 
figuration twist.  For  this  reason,  the  spin  of  all  of  the  range 
flights  made  to  date  have  been  near  the  twist  of  the  configuration. 

3 . TEST  RESULTS 

The  first  data  came  from  supersonic  wind  tunnel  tests  of  a 
5-caliber  long  non-interdigitated  or  non-overlapping  configuration 
(Figure  2).  This  configuration  has  a 10°  nose  angle  and  a 7°  boattail 
and  the  model  is  5.715  cm  in  diameter.  The  significant  results  from 
these  tests  are  described  below  and  ai-e  compared  with  results  from  the 
5-caliber  Army-Navy  Spinner  Rocket  (aJISR)  with  a cylindrical  tail. 
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(a)  Even  though  the  normal  force  on  the  corkscrew  is 
extremely  high  (Figure  3),  the  pitching  moments  about  a center  of 
gravity  three-calibers  aft  of  the  nose  are  about  the  same  as  those  on 
the  5-caliber  MSR  (Figure  U).  Therefore-,  the  normal  force  center  of 
pressure  of  the  corkscrew  configuration  is  located  further  aft  than  on 
the  5-caliber  ANSR. 


MACH  NtlMdER 


Figlire  3.  The  Normal  Force  Coefficient 
of  the  Corkscrew  Projectile 
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Figure  4.  The  Pitching  Moment  Coefficient 
of  the  Corkscrew  Projectile 
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(b)  At  low  angles  of  attack,  the  Magnus  forces  and  moments 
are  small  at  all  spin  rates  near  the  configiiration  twist . This  is  due 
to  the  zero  spin  "offsetting"  side  force  and  moment  characteristic  of 
this  configuration^ (Figure  5). 

Because  of  the  difficulty  in  designing  and  building  the 
interdigitated  wind  tunnel  version,  20  mm  diameter  6-caliber  and  8- 
caliber  long  models  were  built  for  flights  in  the  BRL  Aerodynamics 
Range.  The  models  were  made  of  brass  and  used  drilled  base  holes  to 
increase  the  possibility  of  stable  flights  in  the  range.  The  6-cali- 
ber  long  models  had  7°  triangular  boattails  and  5-71°  triangular  noses 
while  the  8-caliber  long  models  had  U.76°  on  both  nose  and  boattail 
planes.  Both  the  b-caliber  rnd  8-caliber  configirration  had  one- 
caliber  overlap  between  the  i.jse  and  boattail  planes.  Below,  aero- 
dynamic data  from  several  flights  up  to  M = 2.2  are  compared  with  aero- 
dynamic data  on  the  5 •7-caliber  long  M549  (Figure  6)  and  the  6.2- 
caliber  long  non-conical  boattail  proJectile-A  (Figure  7). 

(1)  Shock  waves  or  flow  discontinuities  on  the  corkscrew 
configuration  are  virtually  non-existent  at  transonic  speeds  (Figure 
8) . This  figure  can  be  compared  to  the  shook  wave  pattern  existing  on 
a conventional  projectile  configviration  at  the  sajne  Mach  number 
(Figure  9).  The  almost  shock  free  flow  pattern  is  believed  to  be  due 
to  the  more  uniform  area  distribution  of  the  corkscrew  configuration 
(Figure  10).  Fxirther  studies  in  both  ranges  and  wind  tunnels  would  be 
necessary  to  completely  understand  €uid  explain  this  phenomenon. 

(2)  The  drag  coefficient  of  the  corkscrew  oonfigiiration  is 
very  low  compared  to  that  of  the  two  reference  projectiles  (Figure  11). 

(3)  The  normal  force  coefficient  (Figure  12)  is  not  as 
large  as  for  the  non-interdigitated  wind  tunnel  configui'ation,  but  it 
is  larger  than  for  the  M5^9  and  the  NCB-A  projectiles. 

(10  Even  with  the  rearweird  center  of  gravity  of  the  cork- 
screws, the  pitching  moment  coefficient  is  much  lower  for  the  6- 
caliber  corkscrew  (Pigiire  13)  than  for  the  M5l*9  and  NCB-A  projectiles. 
The  pitching  moment  coefficient  of  the  8-caliber  corkscrew  is  Just 
slightly  higher  than  the  maximum  pitching  moment  coefficient  of  the 
M5I19.  The  pitching  moment  coefficient  of  the  corkscrew  appears  to 
remain  nearly  constant  with  Mach  nmber  indicating  that  the  corkscrew 
configur.  on  does  not  have  the  characteristic  spike  in  the  pitching 
moment  cw  e.  Additional  data  above  M = 1.05  are  required  to  verify 
this . 


D CONFIGURATION  IS  THE  SAME 
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Figure  J.  The  Non~Conical  Boattail  Projectile  NCB-A 
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Figure  10.  Tlie  Ai'ea  Distribution  of  a Corkscrew  Projectile 
Compared  to  a Conventional  Projectile 


Figure  11,  The  Drag  Coefficient  of  a Corkscrew  Projectile 
Compared  to  Other  Pi'ojectiles 
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Tlie  Normal  Force  Coefficient  of  the  Corkscrew 
Pro^lectile  Compared  to  Other  ProJecti.les 


-j 

-1.0 


MACH  NUMBER 


Figui’e  13.  Tlie  Pitching  Moment  Coefficient  of  the  Corkscrew 
Projectile  Compaa’ed  to  0the.r  Projectiles 
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(5)  liirrorts  to  riy  corksci'ews  (At  higher  Mach  riiuuliers  have 
50  fai'  failed  due  to  cxeeooive  loads  on  the  model  nose  d\u-ing  launoli. 
Vai'ious  launching  techniques  are  being  tried  to  overcome  this  problem. 

U.  EXTlbdPOLATlON  TO  LONGER  J'JilWGTIl  PR0J12CT1LEG 


The  aerodynamic  data  obtained  on  the  corkscrew  cont^igui'a- 
tions  indicate  that  longer  conf igui'ations  of  this  shape  can  be  flowi 
with  satisfactory  stability.  Tlie  implication  is  that  the  corkscrew 
will  permit  the  use  of  much  longer,  incaliber,  spin-stabilized,  low 
drag,  projectiles. 

Calculation  of  possible  projectile  lengths  have  been  made 
and  the  results  ai'e  showi;  in  Table  I.  For  the  calculation  of  the 
moments  of  inertia,  it  was  assimied  that  the  corkscrew  configui’ation 
has  equal  angles  for  the  nose  and  tail  "flats",  that  the  nose  and  tail 
overlap  by  oue-caliber  and  that  the  projectile  is  made  of  a homogene- 
ous material  with  a density  of  9 gms/cc.  Using  the  obtained  values 
for  the  (5-caliber  and  0-caliber  corkscrews , the  normal  force  and 
pitching  moment  coefficients  for  longer  configui’ations  have  been 
estimated  at  Mach  2.1  (Table  I). 

From  fnese  assvmiptions  and  calculation.s  > the  gyroscopic 
stability  factoi'  has  been • calculated.  This  calculation  indicates  that 
an  ll-caliber  corkscrew  made  of  a homogeneoxis  material  with  a density 
of  9 gn>s/ca  can  be  flown  with  satisfactory  stability  if  the  spin  is  at 
least  one  revolution  per  fifteen  calibers  of  foi'ward  travel, 

9.  APPLICATIONS  FOR  THE  CORILSCREW  StIAPE 

Besides  being  an  excellent  aei'odyntunic  reference  shape,  the 
corkscrew  configirration  may  have  application  as  a spin  stabilized, 
kinetic  energy  penetrator.  The  corkscrew's  low  di'ag  will  provide  low 
velocity  deceleration  between  the  gun  and  the  target,  and  its'  low 
pitching  and  Magnus  moments  will  provide  good  stability  for  long  ()l/d) 
penetrator  configurations.  In  small  caliber  sizes  (20  to  LOimn)  the 
whole,  high  density  penetrator  might  have  the  corkscrew  exterior  3hi'.pe 
while  in  larger  calibers  (105  to  I20mm)  tb.e  penetrator  rod  could  be 
submerged  in  the  corkscrew  cai’rier.  Both  full  bore  and  subcaliber 
configurations  are  feasibJ.e.  A sabot  for  a corkscrew  projectile  can 
be  a simpler  and  lighter  wed.ght  configiu’ation  than  the  sabots  now  used 
on  conventional,  axisyimnetric  projectiles.  The  DRL  is  lu-csently 
studying  the  feasibi.lity  of  these  concepts. 
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Table  1 
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loal  and  ; 

Aerodynamic 
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I'isi.ics 

^/d 

o 

7 

8 

9 

10 

11 

Vol/r^ 

18.0 

21.5 

2U.9 

28.  Ij 

31.9 

35 . >‘ 

C.G. 

3.90 

>‘.53 

5.16 

5.  T9 

6.b3 

T.Oo 

I /Pr5 

91.2 

151.2 

233.0 

339.9 

>‘50.9 

62U.5 

^C.G. 

k 

1.13 

1.33 

1.53 

1.73 

1.90 

2.10 

y 

6.bQ 

T.05 

9.23 

10.60 

11.97 

13.35 

it 

.300 

.302 

.30>* 

.305 

.306 

.30' 

X 

For  Maoh  Numbei" 

=2.1  and  Spin  » 

1/15  cal. 

(ostliuo-ted) 

3.U 

3.1‘ 

3 • 2 

3.2 

‘a 

C (estimated) 

2.5<3 

»‘.08 

5.69 

6,28 

‘"a 

S 

3.73 

2 • 27 

1.39 
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